As the National Research Council [17] described the technology management as "a process, which includes planning, directing, control and coordination of the development and implementation of technological capabilities to shape and accomplish the strategic and operational objectives of an organization'', Technology Management education is becoming more important for solving problems within organizations. Therefore, institutions of higher education need to lead the way in developing programs, curriculums, departments, and institutes addressing and meeting the needs of industries and the organizations. In this paper we evaluate the need of technology management undergraduate programs and provide some insights about this need. We realize the importance of technology management in both industrial and academic contexts and how important it is to have an interaction and collaboration between the industry organizations and universities. However, there is a lack of technology education on undergraduate level at today's universities curriculum. While there are many graduate programs on technology management in universities around the world, scholars and practitioners are paying less attention to undergraduate programs on technology management education. Therefore, we focus more on technology management education in undergraduate programs by outlining several assumptions, proposing a conceptual framework based on current debates in literature, and articulating its importance in the academic field.
Introduction
Technology management is important in both academic and industrial contexts because of the symbiotic and subsequent relationship-what is taught is eventually applied. However, defining needs for both organizations and industries is extremely difficult in such complex environments. Because of its multidisciplinary approaches, debates on how to integrate those approaches with the academic fields can be evaluated in several ways. From the industry perspective, organizations in several industries are producing new products and services, integrating technologies with their missions, visions, and the goals, and at the same time, evaluating their competitive advantages and disadvantages among other organizations. To compete with the other organizations in other industries, organizations are constantly seeking new and more efficient ways to reduce new product development times and minimize fixed and variable costs. On a more macro level, global competition has forced industries to confront business technology related problems.
On the other hand, what really matters for technology management education is the interaction and collaboration between universities and the industry organizations and the subsequent efficient transfer of knowledge, improvements, and innovations in products, services, and technologies. This transferal can be evaluated in several ways. One way is how those features are transferred, their frequency, and whether universities and industries perceive it as a benefit or not. For example, identifying the right partners, developing the agreements, and building formal and informal relationships may be the foundation of this process. Another phase can be an operational phase, consisting of arranging meetings, trainings, and mentoring, consulting or making projects. As an outcome phase, evaluation would focus on previous phases, alternate outcomes, and feedback in further strengthening the integration. The other evaluation is how the academic arena meets industry needs. The academic engagement in mutual projects, transferring academic knowledge to industry, collaborating and writing articles, and reviewing the university-industry relations (Perkmann [19] ) can be 250
The Need for Technology Management Education for Undergraduate Programs: A Conceptual Framework seen as major contributions. This is not a one-way street. Organizations seek technology improvements created or designed in universities. So, this two-way street must be considered and incorporated into how this interactional process is thought of and developed.
Study Questions
Based on these assumptions, we seek to answer three major study questions:
1. How can technology-related problems be managed? 2. Who will manage and implement the technologies in organizations specifically and in industries generally in complex environments? 3. How can technology management programs contribute for collaboration among universities and industries?
The answers to these questions will aid in drawing the conceptual framework, articulating its benefits, and providing insights and implications about what needs to be done, not only in future studies, but also between academia and industry.
Study Overview
To answer these questions, first we review the literature while viewing technology management as a process--how this process is evaluated in different contexts, and finding links between the process and technology management education. Second, we emphasize and discuss why technology management education must be taken, especially in undergraduate programs, and how such a program can be constructed. And finally, by combining and formulating the concepts of technology management and technology management education in undergraduate programs, we draw a framework and conclude with recommendations for further studies.
Study Question 1: How Can Technology-related Problems Be Managed?
Because technology management is an emerging field combining multiple disciplines (from management to engineering), it can be defined as a process or a procedure consisting of sub-processes. Some scholars (Gregory [6] ; Phaal, Paterson & Probert [20] ) define the technology management framework in organizations as identification, selection, acquisition, and exploitation as an ongoing process. Technology identification is the initial sub-process, including the identification of existing technologies and new technologies for products and services and the processes within an organization (Gregory [6] ). Jiang, Zhao, Li and Chen [9] described the second sub-process, technology selection, where the decision makers choose technology routes, policies, measures, and schemes to achieve some given economic, technology, and social goals in a specific economic environment. The third sub-process is the technology acquisition which can be external or internal and defined by Ehinomen and Adeleke [4] as "the whole body of the most efficient technical and organizational knowledge and information available for the production of goods and services together with the tools for achieving production". And the fourth and last sub-process is technology exploitation in improving the performance of products or manufacturing processes by utilizing the new technologies or scientific developments (Bigwood [1] ).
By defining it as a process, the characteristics and processes of managing technology become easier to understand and implement in and among organizations. In addition, to managing sub-processes, the functions of the management (planning, organizing, staffing, coordinating and controlling) must be considered in detail. For example, the National Research Council [17] described the technology management as "a process, which includes planning, directing, control and coordination of the development and implementation of technological capabilities to shape and accomplish the strategic and operational objectives of an organization''. On the other hand, Kerr and his colleagues [10] argued that the tools for managing technology could be combined with these functions of management to make those tools more appropriate, available, practically set, and made more intangible in organizations to make them more efficient.
To integrate these functions of management into technology, there are prerequisites for organizations to consider. Managing technology requires the use of both internal and external sources in areas not limited to human resources, financial investments, and more. Managing technology may lead to an organizational change.
Study Question 2: Who Will Manage and Implement the Technologies in Organizations Specifically and in Industries Generally in Complex Environments?
The current literature discusses the dynamics of technology management and implementation and the complexity of the environment. For example, internal management may require organizations to hire highly skilled managers or workers to identify problems and find creative solutions for dealing with them about the ongoing processes. On the other hand, innovations or new product developments can be highly complex, have high costs, research and development and commercialization issues which may affect the organizational performance. About these problems, Ortega, Garrida-Vega, and Dominguez [18] also argued that that organizational performance is influenced by how strategies are implemented and the role technology plays in creating sustainable business models. The flow of information in industries and improvements and advancements in technology, take the issue one step further when investigating emerging research areas.
Organizations learning to manage technology with internal and external sources and compete in complex and technological environments reach a critical point in obtaining knowledge. One way to obtain this knowledge is to focus on the essentials in managing technology education. The paradigm is not new and has been a research field for over 40 years (Van Wyk [23] ; Kim [11] ; Reismann [21] [25] ).
Study Question 3: How Can Technology Management Programs Contribute for Collaboration among Universities and Industries?
The answer to study question 3 is to seek a rational explanation about why technology management programs are needed at the undergraduate level. The current literature indicates that the technology management is prevalent in graduate programs; however, courses vary widely in MBA and MS programs and other research areas. These programs in many countries especially in the United States include many interdisciplinary courses from management to engineering and from information technology to computer sciences. These courses and programs help people in understanding and explaining the needs of industries by integration. But the main problem is they are only being offered at the graduate level. These management of technology programs must be included in undergraduate studies because today's competition is different-skills and capabilities. Here is a list of some technology management programs in graduate level. The programs in the list are limited but programs can be found via the Internet. [8] emphasize using computing and communications technology to improve and make more effective the management of technology education. For re-designing, the fundamentals and emerging challenges of technology management (for example, cost management, financial and funding issues, working with the qualified and talented blue and white collars) must be considered for both industries and academia. In addition, Kordova and Frank [13] assert that technology management must be considered a systems thinking perspective, emphasizing the interrelations among components as a whole. In their study, Mallick and Chaudhury [14] investigated the technology management programs in MBA programs and discussed areas like general business and engineering functions, business strategy; internal use of information and manufacturing technology, new product or service development, social and ethical issues, government policies, integration of technology and business strategy that must be taken as major courses. In addition to this point, Mosey [15] indicated new disciplines like technology entrepreneurship that must be integrated to the management of technology for creating opportunities for scholars to study in future. Considering the new disciplines, Fishman discusses [5] if intellectual property management can be a new subject in technology management curricula for supporting the sub processes in technology management like entrepreneurship, technology strategy, and technology transfer.
From the initial survey of graduate management programs, the variety of elements within the programs indicates, or at least seems to indicate, the lack of interconnectedness to the industries and businesses that they aim to serve, improve, and innovate in. In some of graduate management programs surveyed, the connection between industry and academia is made by including seasoned professionals as part of the instructional staff. This brings industry to the classroom. These professionals also maintain their ties to industry. The need for interconnectedness does not imply a standardization. This is not possible in the complex environment discussed. It does imply a need for alignment or focus, both short term and long term in the academic world and the industry world.
But our focus is not also to accept the technology as the only a driver of this kind any kind of development, the management of technology but also must address, assess and deepen existing levels of understanding at the entry level.
Our evolving concept and proposition indicate not only a need for undergraduate technology management programs, but their critical alignment with industry. The framework is adaptable and flexible. These proposed compositions and curriculums can bridge the gap from academic to industry and span across the graduate programs, facilitating their alignment and making the transition from academic to industry more seamless and more corroborating, a joint venture that promotes and invites a dialogue and understanding. This paves the way for a two-way street and development from both sides. It also allows a clearer view, and perhaps an orientation to the needs-present and future-in what is being taught and what is being practiced and applied. If developed and maintained, this orientation can become self-correcting and, in many ways, be encompassed by the organizational learning professed by Senge [22] and others. This learning is not automatic, nor is the implementation. Both require unimpeded traffic on the two-way street, an open dialogue that is constructive and challenging.
Our framework and emphasis on the need for an aligned technology management programs at the undergraduate level also stresses and implicates the same need at the graduate level. If at the same institution, key learning outcomes and curriculum and instruction need to be stair stepped and integrated. And some of these undergraduate programs may not have their counterpart graduate degree in the same department or college requiring an even more coordinated effort in integration. Admittedly undergraduate programs may not have been able to incorporate seasoned industry professionals on their teaching staff, but that does not prohibit connecting through upper management programs or more directly between university programs and industry. Both levels need to keep their focus on how knowledge is instilled and transferred on this two-way street between academia and industry. The same for industry. So, the metaphor of the two-way street has to start somewhere. Initially our starting points were undergraduate programs and industry; however, without including the thoroughfare of graduate technology management programs, the road is impeded, and knowledge traffic suffers to industry and back. Current literature about designing specific undergraduate programs curriculums is restricted. For example, Koohang and colleagues [12] presented a model for designing an Information Technologies undergraduate program which is recommended by the Association for Computer Machinery/Institute of Electrical and Electronics Engineers-Information Technology model. Hauck [7] described an technology management curriculum which was developed and supported courses like engineering science, general business, technology processes. On the other hand, in their study, Downs and McAllen [3] studied and examined the academic performance of students in a technology Managements bachelor's program with several factors as age, total number of semester credit hours. Therefore, in this study we try to make a contribution to current literature about this specific technology management undergraduate program.
Theoretical Framework
Recalling the interconnectedness of management knowledge, the following framework is formulated to envision what is required at the undergraduate level. Integration of several management areas like technology management, knowledge management and strategic management courses can be given in the first and/or second academic year. At the third and fourth semester, more areas like computer information systems, big data, data mining, and data analyses aided by softwares must be planned to design to create an effective undergraduate program. To raise the level of the awareness levels of undergraduate's university industry interaction must be taken more seriously. Examining more case studies about technology management in organizations in several industries, inviting more specialists to universities to tell the experiences what they had before, and collaborating with the students by giving projects to solve technology management problems can make the program more efficient. And developing and sustaining internships for technology management undergraduates create a more powerful network in keeping the road open between industry and academia. These road mapping efforts may be considered in supporting long-range planning of the universities. To sum up, Figure  1 shows the network of technology management with the other areas that are related directly or indirectly. From the above figure, technology management is a multidisciplinary area, interconnected to multiple management types. The two-sided relationships can be evaluated as integral linkages but not unidirectional in maintaining. They can be related in many ways of interaction. Any undergraduate program in technology management must, at a minimum, contain these courses in the design, development, and execution of the curriculum. In addition, mandatory and elective courses must be designed and integrated into the full length of the undergraduate higher education. These courses not only must be designed on the bases of business management but also correlated and aligned with the needs of organizations-technology integration and strategic outcomes. Consequently, when undergraduate students graduate from these programs, they will be well equipped to transition into industries and make significant contributions.
More specifically the following knowledge and skills are crucial in an undergraduate degree in technology management:  Providing knowledge and skills in technology applications  Understanding how technology management can enhance productivity in training and information  Developing both managerial and technical skills  Developing a continuing understanding of computers and networks  Understanding and applying convergence in technical networks  Developing multidisciplinary skills-management, support, design, and other business applications-in both academic and workforce environments.  And last, but not least, an internship that provides the opportunity for direct experience in the field.
An Example for Technology Management in Undergraduate Programs
Our example is from Baskent University in Ankara Turkey, which has currently the only undergraduate degree in Technology and Knowledge Management in Department in Turkey. The 4 years program provides specific courses (both mandatory and selective) for students like technology management, knowledge management, information law, programming, quality management, research and development management. The short version of the catalog for the program is shown in Table 2 . The full version of the program can be followed with the link http://angora.baskent.edu.tr/ankaraweb/katalog/katalog.php. And also, the outline of the courses is in http://angora.baskent.edu.tr/bilgipaketi/?dil=EN&menu=akademik&inner=katalog&birim=342 
Conclusions
Identifying the need for undergraduate programs in technology management programs is easier than articulating how to make it happen. However, in this article, we provided insights how to make it possible. The conceptual framework can be further enhanced by scholars and industry specialists. But, providing a broad spectrum for undergraduate technology management means the needs of industry must be comprehensively re-assessed in detail. On the other hand, considering globalization and the internalization now crucial for organizations to survive, undergraduate programs must be re-designed and integrated with not only a long term view of industry and societal needs, but also a deeper knowledge of the organizational dynamics.
Industries need not only engineers and technical professionals, but also technology management graduates to find creative and innovative ideas and apply them using business and knowledge management, information systems, and innovation management. This process involves inputs-technology planning and development, implementation, diffusion and technological change, forecasting, basic and applied research, product design, development and integration, and assessment and substitution. Along with inputs are outputs of new knowledge, invention and innovation, use of technology in products and services, and reevaluating and coping with technology.
